For the rapid and sensitive detection of p53 'hot spot' mutations, we combined polymerase chain reaction based single-strand conformational polymorphism (PCR-SSCP) analysis with sequence specific-clamping by peptide nucleic acids (PNAs) in a one-step reaction tube protocol. For this purpose, we designed two PNA molecules comprising aa 246-250 of exon 7 and aa 270-275 of exon 8, respectively, to suppress the amplification of wild-type p53 allelic variants during PCR amplification. Using this method in a survey of 20 brush cytology samples from lung cancer patients, we were able to detect five p53 point mutations occurring in codons 248, 249 and 273 which could not be retrieved by conventional PCR-SSCP. Thus, allelic suppression by PNA molecules opens a way to largely improve the sensitivity of existing PCR-SSCP protocols (∼10-50-fold) and could be useful in the detection of 'hot spot' oncogene lesions in histological samples containing only a small number of cancer cells.
Loss of heterozygosity at the p53 locus has been extensively documented in many solid cancers. Part of the allelic variants found are due to point mutations which in the p53 gene frequently affects codons at positions 248, 249 and 273, so-called 'hot spot' mutations. In the past, the existing PCR-SSCP technique as established by Orita et al. (1) , allowed the detection of variant alleles only if the number of mutant alleles in material examined exceeded a certain percentage (usually >2-5%). In several tissues and body fluids however, the number of cancer cells may be much smaller than this, which is beyond the current detection limit. To overcome this problem, several combinations have been perfomed in the past, such as tumour cell enrichment by cell sorting (2), microdissection of tumour tissue (3) or excision of DNA fragments from SSCP gels and subsequent reamplification (4) . Given the apparent wide spread use of PCR-SSCP in routine analysis, these protocols have the disadvantage of additional and time-consuming experimental steps.
In this study, we assessed the ability of selective mutant allele-specific enrichment using peptide nucleic acids (PNAs; 5, for review see 6, 7). Due to the different chemical nature, PNAs cannot serve as primer molecules during PCR amplification.
However, PNAs can form PNA-DNA hybrids with much higher thermal stability than corresponding DNA-DNA hybrids which permits their application in PCR reactions if higher annealing temperatures are favoured. In addition, PNA-DNA hybrids are more destabilized by single base pair mismatches. We reasoned that this feature specifically, would make PNAs useful in the discrimination of single point mutations since cross-hybridisation to wild-type allelic fragments is less probable at the given T m value (8) . Figure 1 gives a schematic view of the protocol applied whereby the following PNA oligonucleotides were chosen (obtained from TIB Molbiol, Berlin): PNA248-9 (H 2 N-GGGCCTCCGGTTCAT-N 2 H) complementary to codon 246-250 and PNA273 (H 2 N-ACA-AACACGCACCTC-N 2 H) complementary to codon 271-275 of the p53 gene (not shown in Fig. 1 ). DNA-oligonucleotide primers consisted of the following primer pair combinations: p53, exon 7; p53p5 (5′-CCTCATCTTGGGCCTGTGTTATCTCCTAGGTTG-GCT-3′) and p53p6 (5′-CCAGTGTGCAGGGTGGCAAGTGG-CTCCTGACCTGGA-3′) yielding a fragment of 169 nt. For the analysis of codon 273 mutations in exon 8, primer pair p53p7 (5′-CTCTTGCTTCTCTTTTCCTATCCTGAGTAGTGGTAA-3′) and p53p8 (5′-CCTCCACCGCTTCTTGTCCTGCTTGCTTAC-CTCGCT-3′) were taken to obtain a fragment of 196 nt. DNA preparation from brush cytology material was performed as described in (9) .
The PCR clamping reaction itself was performed in a total volume of 25 µl, consisting of reaction buffer (25 mM TAPS, pH 9.3, 50 mM KCl, 1.5 mM MgCl 2 and 1 mM DTT), 0.2 mM of each dNTP, 50 ng of DNA, 12.5 pmol of each primer, 75 pmol of PNA and 1 U of ELONGase™ (Gibco BRL). Following a hot start at 94_C for 5 min, PCR was then performed over 24 cycles for 60 s at 94_C, 60 s at 73_C in case of PNA248-9 (or alternatively 68_C in case of PNA273, 60 s at 54_C and 120 s at 72_C.) The additional step at 73 or 68_C, respectively, was chosen in order to allow the preferential annealing of the PNA to DNA. Alternatively, conventional PCR-SSCP was performed in the absence of PNAs omitting the additional annealing step.
As can be seen in Figure 2 , the analysis of cytology material for mutations in p53 exon 7 by conventional SSCP-PCR revealed a uniform pattern of allele separation indicating that no mutation in exon 7 could be detected. This changed, however, if PNA248-9, a PNA complementary to the codon 246-250 region, was added to the PCR reaction. This time strands of different mobility became apparent in lanes 2, 3, 5 and 16 (Fig. 2, bottom) . The Following 'mutant enriched' SSCP-PCR (described in the text) 3 µl of [α-33 P]dCTP labelled PCR amplification product was added to 12 µl of stop solution [95% formamide, 10 mM NaOH and tracking dyes, heated to 95_C for 3 min and loaded onto a MDE-gel (Hydrolink™)] according to the manufacturer's specification. The gel was run at 4_C and 4 W for 14 h and the labelled fragments were visualised by autoradiography. Confirmatory sequence analysis was performed on excised and reamplified DNA contained within normally and aberrantly migrating single strand fragments using an ABI PRISM 377 sequencing automater (Applied Biosystems), according to the manufacturer's 'cycle sequencing' protocol. Serial dilution experiment using DNA containing a homozygous codon 248 mutation into DNA of a wild-type status. The concentration (%) of mutant alleles was as follows: 100 (1), 50 (2), 5 (3), 1 (4), 0.5 (5), 0.1 (6) and 0% (7). PCR-SSCP conditions were the same as described in Figure 2 . With conventional PCR-SSCP (top), detection is possible up to a limit of 5% mutant DNA, suppression of wild-type alleles by an additional PNA allows detection up to a limit of 0.5% mutant alleles in the original DNA. different nature of the PCR products in these lanes was confirmed by sequence analysis after gel excision and reamplification (30 cycles). This way, we found two mutations to have occurred in codon 248, two in codon 249 and one in codon 273. All mutations gave rise to amino acid substitutions (Table 1) . To test the effect of the PNAs on the suppression of normal alleles more quantitatively, we performed serial dilution experiments using DNA of two different p53 genotypes. Figure 3 shows that suppression by PNA248-9 leads to the safe detection of a codon 248 mutation in a 200-fold excess of normal DNA.
The 'mutant enriched' PCR-SSCP method we describe, thus, allows the rapid, efficient and sensitive detection of oncogene 'hot spot' mutations in material containing only a minority of tumour cells. Similarly, this method would be useful in the detection of K-ras mutations since these are confined to three codons (at positions 12, 13 and 61) two of which could be detected by using only a single PNA. Although the majority of p53 lesions would not be detected this way, the gain in sensitivity and the general frequency of 'hot spot' mutations in many tumours would make it useful to screen for these oncogene mutations in exfoliated material from body fluids. Despite the current costs of PNA oligonucleotide synthesis, these molecules can be used in a concentration which allows several thousand reactions to be performed from one batch. If routinely applied, the extra costs for the synthesis of PNA oligonucleotides therefore, would not contribute excessively to the overall costs of conventional PCR-SSCP. 
